Abstract
Background
Constipation is a common functional bowel disorder that affects many people; 14.7 % of the United States population [1] , and 15.6 % of the adult population in Hong Kong [2] experienced this problem in a large sampled cross-sectional survey published in 2014. Treatments for constipation usually include fiber supplements, osmotic and stimulant laxatives, stool softeners, and sometimes enemas for refractory constipation [3] . As current symptomatic treatments produce unsatisfactory responses [4] , many patients seek help from Chinese medicine (CM), particularly Chinese herbal medicine (CHM).
Many CM interventions have been used to treat constipation. A recent review [5] listed the current clinical research findings from CM interventions for functional constipation. However, there have been no analysis of the benefits of individual interventions (or individual types of interventions) or of the qualities of individual study designs. Our research team conducted a systematic review of CHM for functional constipation [6] and showed that CHM or CHM combination therapy was more effective than some single conventional medicines [6] . However, these findings did not accurately reflect all clinical practice, as most clinical research on constipation has involved observational studies or case series, and clinical practice has mostly been limited to personal experiences and based on CM theory and zheng (syndrome) differentiation [7] [8] [9] .
We aimed to investigate CHM applications for constipation based on zheng differentiation, especially the use of single herbs, CM formulae, proprietary CHMs, and herb-drug interactions. Therefore, we systematically reviewed all the available data from current databases, including clinical trials, clinical observational studies, case series, case reports, and case control studies. Because we examined large data sets from both conventional Western and CM literature, we used a data slicing algorithm for text mining [10] .
This study aimed to review the most frequently used CHM herbs and formulae, proprietary CHMs, and herb-drug interactions for functional constipation using zheng-based differentiation, and to determine the current practice of zheng-based CHM treatments for functional constipation.
Methods

Literature search
The review was performed in accordance with the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) guidelines. We used the following databases to search the conventional medicine literature: PubMed, Ovid, Evidence-Based Medicine Reviews (EBMR), and Embase. The following databases were used to search the traditional CM literature: SinoMed, Chinese National Knowledge Infrastructure (CNKI), Chinese biomedical literature (CBM) CD, and China Journals Fulltext Database. From the electronic database records and bibliographic references, we identified relevant primary sources and secondary sources (such as textbooks, review articles, and meta-analyses) as follows. We selected all EBM reviews, including Cochrane DSR, ACP Journal 
Study selection
We included interventions using single herbs, CM classical formulae, CM new formulae, and Chinese herb-derived products and combination products. The clinical study types included were quasi-or randomized controlled trials, observational clinical studies, case series or case reports, and other types of appropriate research methods. We included studies on subjects with constipation of all ages and both sexes, studies using objective measures from laboratory or imaging techniques, and studies using measurement from nursing staff, patients, or other informants.
Data extraction
Two authors (LLDZ and GZ) independently searched the databases and selected relevant publications. If the
Conclusion:
This study examined the use of CHM for constipation and summarized the herbs, formulae, proprietary medicines, and herb-drug interactions application. These data indicated there were limited information about herb-drug interactions and adverse effects of CHM and further randomized controlled trials with strict design are necessary.
two authors disagreed about a study's eligibility, they would check the study against the selection criteria, discuss its eligibility, and make a further decision (ZXB). One author (LLDZ) extracted the data and the other (GZ) checked the extracted data. For each study, the following information was extracted: study design, sample size, mode of recruitment, sampling and diagnostic procedure, inclusion and exclusion criteria, and participants' characteristics (including age, sex, and duration of constipation). CM patterns, CM treatment principles, treatment regimen, and CM treatment outcomes were recorded.
Quality assessment
The methodological quality of relevant studies was assessed using the Jadad scale (Additional file 1; [11] ). The Jadad scale evaluates a study in terms of the description of randomization, blinding, and dropouts. The scale ranges from 1 to 5; randomized controlled trials with a score between 3 and 5 are regarded as better quality trials. Points were awarded if the study was described as randomized (1 point), had an appropriate randomization method (1 point), was described as double-blind (1 point), used an appropriate blinding method (1 point), and had a description of withdrawals and dropouts (1 point) [11] .
Identification of herb-zheng associations
Classification based on keyword co-occurrence was conducted on the 18,272 items of constipation literature downloaded from SinoMed [12] . We also applied a dictionary-based data slicing algorithm constructed on the principle of keyword co-occurrence. We filtered the downloaded data using CM associated keywords, such as "Chinese herbal medicine, " "Chinese patent medicine, " and "CM syndrome/zheng, " which were obtained from textbooks and the Internet. The keyword cooccurrence classification was a good supplement to the literature search, as it provided insights into the quantitative relationship between the individual herbs and formulae used to treat constipation. We used a wheelshaped network to indicate the association between different types of single herbs and their zheng indications [10] . The wheel-shaped network was a visualized graph that showed the frequencies and correlations among the same categories [10] .
Translation of terminology
All 
Results
We accessed 29,832 records that fit the search criteria, of which 8541 were duplicate records and 20,639 were excluded for reasons of irrelevance. The full text of 965 articles was retrieved for detailed assessment; 480 of these were excluded for various reasons (Fig. 1) . Of the 485 studies that fulfilled the inclusion and exclusion criteria, 289 were on CM formulae, 91 were on proprietary CM, and 105 were on a combination of CHM and conventional treatment. The sample size of the 485 studies ranged from 35 to 250. Among all the studies, 289 (59.6 %) were case series or reports, 125 (25.8 %) were controlled trials, and 71 (14.6 %) were randomized controlled trials. For the randomized controlled trials, the mean Jadad scores were 2.06 and their average quality was quite low (Additional file 1).
CM zheng category and treatment criteria
From the included articles, we retrieved 190 different CM zheng diagnoses from 485 individual studies. The most common pattern was dual deficiency of qi and blood (Qi Xue Liang Xu), which was diagnosed in 948 of the 15,740 subjects (frequency = 48, percentage among the top 10 diagnosis = 16. (Table 1) . Table 1 lists the therapeutic principles for the CM zheng.
CM herbs and their relationships
We identified 296 herbs from 485 clinical studies and analyzed their relationships using the wheel-shaped network (Fig. 2) . In this figure, red and green nodes represent different single herbal medicines. The edges represent co-occurrence frequency in clinical studies. The edge label numbers represent the number of clinical studies demonstrating a connection between two single herbal medicines. There was a high concentration of one classical Chinese herbal formula, Ma-Zi-Ren-Wan, whose composition of six herbs occupied 42.5 % (1754/4127) of the total frequency of usage. Based on this, the green nodes represent CHMs in the formula Ma-Zi-Ren-Wan and the red nodes represent other CHMs used in clinical prescriptions [10] . Node size was calculated with the formula where node_frequency is the literature record number of the associated keyword calculated in text mining, LOG is the logarithm calculation with a base set to 10, and Degree (node) is the number of connections/edges each node has with other nodes. The edge line width was calculated through LOG (edge_co-occurrent) where edge_co-occurrent was the number of node/keyword pairs that co-occurred in the associated literature. Table 2 lists the top 10 most frequently used herbs and their actions. The most frequently used herbs were further categorized and analyzed to determine their combinations in classical formulae. The most frequently used classical formulae were Ma-Zi-Ren-Wan [14] and ZengYe-Tang [15] .
CM zheng-based Chinese herbal formulae
Among the 289 studies on Chinese herbal formulae, the most frequently used formulae based on zheng diagnosis Node size = LOG node_frequency + Degree (node) were Ma-Zi-Ren-Wan and its modifications (frequency among all the studies, n = 75, percentage among the top 10 formulae, 33.07 %). This was followed by Bu-ZhongYi-Qi-Tang (n = 56, 22.58 %), Ji-Chuan-Jian (n = 51, 20.56 %), Zeng-Ye-Tang (n = 40, 13.84 %), and Ba-ZhenTang (n = 26, 10.48 %). The five most frequently used CM zheng-based Chinese herbal formulae and their indications are summarized in Table 3 .
Proprietary CHMs
After the classical herbal decoctions, the next most frequently used clinical treatments for constipation were proprietary CHMs, because of their standard quality control and more convenient administration. We analyzed the most commonly used proprietary CHMs and their dosage ( Table 4 ). The manufacturers of the proprietary CHMs are also shown, to indicate the quality and composition of the medicines. The most commonly used proprietary CHM was Run-Chang-Wan (frequency, n = 87),
, and Bu-Zhong-Yi-Qi-Wan (n = 17).
CM combined with Western medicine and adverse effects
Few clinical studies reported the combined use of CM and Western medicine for constipation. 
Discussion
To our knowledge, this is the first study to examine the use of single herbs, classical CM formulae, proprietary CHMs, and the combined use of CM and Western medicine (and its adverse effects) for constipation. The classification of single herbs and CM formulae was generally based on the CM diagnostic zheng system. As we pointed out in our commentary paper, zheng diagnosis is a critical stage of CM treatment; it is the basis of CM's effectiveness and the main feature that distinguishes it from Western medicine [16] . In this review, we focused on zheng diagnosis, in accord with current clinical CM practice. Although we identified 190 different CM zheng diagnoses, only 57.9 % (281/485) of studies used the diagnosis system of zheng differentiation. The most commonly diagnosed zheng for constipation was dual deficiency of qi and blood (16.8 %) followed by dual deficiency of qi and yin (15.7 %) and excessive heat and qi stagnation (14.3 %). As Table 1 showed, among the top 10 CM zheng, five belonged to deficiency zheng and the others could be categorized as a combination of deficiency and sufficiency or sufficiency syndrome. These results are consistent with those of our previous study [16] and with other research Heat accumulation with constipation, dizziness, red eyes, and irritability; chronic constipation; heat in the liver channel or liver fire with epigastric discomfort, dizziness, headache, irritability, tinnitus, constipation and fever on syndrome distribution among constipation patients [8, 17] , which indicated that almost half of patients, especially older individuals and postpartum women, had deficiency syndromes [18, 19] . Of the 10 most frequently used herbs, the top three were traditional purgatives; the other herbs were tonifying and replenishing medicines, except Lu Hui (Aloe vera) [20, 21] . It is interesting that the top five CM zheng were deficiency zheng; this seemed inconsistent with the fact that the five most frequently used single herbs were purgatives. This was mainly because only 50.26 % of studies used CM zheng differentiation, and purgatives are mostly used for general constipation in the absence of any CM zheng diagnosis. Table 3 shows that the most commonly used Chinese herbal formula was Ma-Zi-Ren-Wan, which suggested that it formed the basis of the most commonly prescribed formulae for constipation according to both CM syndrome differentiation and Western medicine diagnosis.
Many studies of Chinese herbal formulae or proprietary CHM did not provide standard or complete criteria for syndrome diagnosis. The lack of detail and consistency in diagnosis makes these studies difficult to replicate and their findings difficult to compare with other results [22] . Most studies provided only the main composition of the formulae without any indication of dosage or quality control standards (Table 4) . Although proprietary CHMs are rapidly gaining attention in the West as sources of new drugs, dietary supplements, and functional foods, the lack of consistent manufacturing processes, quality standards, scientific evidence, and validation of efficacy and safety impede worldwide acceptance of CHM [23] .
Currently, herb-drug interactions are of growing concern as a clinical safety issue to clinicians and researchers [24, 25] . Proprietary CHMs are prescribed by Western medical doctors who may not fully understand the indications and actions of these medicines [26] . Although herbal medicines are natural, they are not always safe [27] . Table 5 showed the concomitant use and the adverse effects of herb-drug combinations or proprietary CHMdrug combinations based on the limited literature. These limited data showed that the incidence of adverse effects was not as low as we expected, ranging from 4.3 to 50 %, although most adverse effects were symptoms of the gastrointestinal tract. A limitation of this study was that the data were drawn from clinical studies that used several different types of design: case reports, cohort studies, and quasi-or randomized controlled trials. The quality of these studies varied and therefore it is difficult to compare them quantitatively. In addition, most studies did not provide sufficient detail regarding inclusion criteria of diseases and syndromes, quality control procedures for single herbs or proprietary CHMs, or withdrawal rates and reasons. Therefore, the analysis of the data derived from this study is limited and should be treated with caution.
Conclusion
This review examined the use of CHM for constipation and summarized the most frequently used Chinese single herbs, the 10 most frequently used CHM formulae and proprietary CHMs, and the combined use of CHM and Western medicine treatments and their reported adverse effects. 
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